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NCBI Molecular Biology 
Resources 

December 2009 

Part 1: NCBI Databases and Entrez 
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NCBI Databases and Entrez 

•  About NCBI 
•  Molecular Databases 
•  The Entrez system and Discovery 
•  Using Entrez relationships 
•  Example search: Finding sequences, genomic 

information and structures for human MLH1 
gene and products 
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The National Center for  
Biotechnology Information 

Created in 1988 as a part of the 
National Library of Medicine at NIH 

–  Establish public databases 
–  Research in computational biology 
–  Develop software tools for sequence analysis 
–  Disseminate biomedical information 

Bethesda,MD 
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Web Access: www.ncbi.nlm.nih.gov 

New Homepage 
Common footer 

New pages! 
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NCBI Databases and Services 

•  GenBank primary sequence database 

•  Free public access to biomedical literature 
–  PubMed free Medline (3 million searches per day) 
–  PubMed Central full text online access 

•  Entrez integrated molecular and literature databases 

•  BLAST highest volume sequence search service  
       (100 – 200 K searches per day) 
•  VAST structure similarity searches 

•  Software and databases for download 
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Types of Molecular Databases 

•  Primary Databases 
–  Original submissions by experimentalists 
–  Content controlled by the submitter 

•  Examples: GenBank, Trace, SRA, SNP, GEO 

•  Derivative Databases 
–  Built from primary data 
–  Content controlled by third party (NCBI) 

•  Examples: NCBI Protein, Refseq, TPA, RefSNP, GEO datasets, 
UniGene, Homologene, Structure, Conserved Domain 
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Sequence Databases 
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Sequence Databases at NCBI 

•  Primary 
–  GenBank: NCBI’s primary sequence database 
–  Trace Archive: reads from capillary sequencers  
–  Sequence Read Archive: next generation data 

•  Derivative 
–  GenPept (GenBank translations) 
–  Outside Protein (UniProt—Swiss-Prot, PDB)  
–  NCBI Reference Sequences (RefSeq) 
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What is GenBank?  
NCBI’s Primary Sequence Database 

•  Nucleotide only sequence database  
•  Archival in nature 

–  Historical 
–  Reflective of submitter point of view (subjective) 
–  Redundant 

•  GenBank Data 
–  Direct submissions (traditional records) 
–  Batch submissions (EST, GSS, STS) 
–  ftp accounts (genome data) 

•  Three collaborating databases 
–  GenBank 
–  DNA Database of Japan (DDBJ)  
–  European Molecular Biology Laboratory (EMBL) 

Database 
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The Growth of GenBank 

October 2009 

Doubling time 12-14 months 

GenBank Release: 108 billion bases 

    WGS: 149 billion bases 

      159,066,180 Total records 
257,909,159,541 Total bases 

ftp://ftp.ncbi.nih.gov/genbank/ 
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Traditional GenBank Record 

ACCESSION   U07418 

VERSION     U07418.1  GI:466461 

Accession 
• Stable 
• Reportable 
• Universal 

Version 
Tracks changes in sequence 

GI number 
NCBI internal use 

well annotated 

the sequence is the data 
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Bulk Divisions 

•  Expressed Sequence Tag 
–  1st pass single read cDNA 

•  Genome Survey Sequence 
–  1st pass single read gDNA 

•  High Throughput Genomic 
–  incomplete sequences of genomic clones 

•  Sequence Tagged Site 
–  PCR-based mapping reagents 

• Batch Submission and htg (email and ftp) 
• Inaccurate 
• Poorly Characterized 
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Expressed Sequence Tags in Entrez 

Total      63 million records 
Human     8.3 million 
Mouse      4.9 million 
Maize    2.0 million 
Cow    1.6 million 
Pig    1.5 million 
Arabidopsis   1.5 million 
Zebrafish   1.5 million 
Soybean   1.4 million 
Xenopus tropicalis  1.3 million 
Rice (all)   1.2 million 
Ciona intestinalis   1.2 million 
Wheat    1.0 million 
Rat           1.0 million 
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Whole Genome Shotgun Projects 

ftp.ncbi.nih.gov/genbank/wgs/ 

•  >900 Projects 
•  >800 Taxa 

–  585 Bacteria 
–  8 Archaea 
–  17 metagenomes 
–  255 eukaryotes 

•  86 fungi 
•  89 animals 
•  7 flowering plants 
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Derivative Sequence Databases 
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FEATURES        Location/Qualifiers 
     source     1..2484 
                /organism="Homo sapiens" 
                /mol_type="mRNA" 
                /db_xref="taxon:9606" 
                /chromosome="3" 
                /map="3p22-p23" 
     gene       1..2484 
                /gene="MLH1" 
     CDS        22..2292 
                /gene="MLH1" 
                /note="homolog of S. cerevisiae PMS1 (Swiss-Prot Accession 
                Number P14242), S. cerevisiae MLH1 (GenBank Accession 
                Number U07187), E. coli MUTL (Swiss-Prot Accession Number 
                P23367), Salmonella typhimurium MUTL (Swiss-Prot Accession 
                Number P14161) and Streptococcus pneumoniae (Swiss-Prot 
                Accession Number P14160)" 
                /codon_start=1 
                /product="DNA mismatch repair protein homolog" 
                /protein_id="AAC50285.1" 
                /db_xref="GI:463989" 
                /translation="MSFVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKS 
                TSIQVIVKEGGLKLIQIQDNGTGIRKEDLDIVCERFTTSKLQSFEDLASISTYGFRGE 
                ALASISHVAHVTITTKTADGKCAYRASYSDGKLKAPPKPCAGNQGTQITVEDLFYNIA 
                TRRKALKNPSEEYGKILEVVGRYSVHNAGISFSVKKQGETVADVRTLPNASTVDNIRS 

GenPept: GenBank CDS translations 

>gi|463989|gb|AAC50285.1| DNA mismatch repair prote...  
MSFVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKSTSIQVIV... 
EDLDIVCERFTTSKLQSFEDLASISTYGFRGEALASISHVAHVTITTKTAD... 
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Protein Sequences from Structures 

>gi|5542073|pdb|1B63|A Chain A, Mutl Complexed With Adpnp 
SHMPIQVLPPQLANQIAAGEVVERPASVVKELVENSLDAGATRIDIDIERGGAKLIRIRDNGCGIKKDEL 
ALALARHATSKIASLDDLEAIISLGFRGEALASISSVSRLTLTSRTAEQQEAWQAYAEGRDMNVTVKPAA 
HPVGTTLEVLDLFYNTPARRKFLRTEKTEFNHIDEIIRRIALARFDVTINLSHNGKIVRQYRAVPEGGQK 
ERRLGAICGTAFLEQALAIEWQHGDLTLRGWVADPNHTTPALAEIQYCYVNGRMMRDRLINHAIRQACED 
KLGADQQPAFVLYLEIDPHQVDVNVHPAKHEVRFHQSRLVHDFIYQGVLSVLQ 
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RefSeq: NCBI’s Derivative Sequence Database 

•  Curated transcripts and proteins 
–  reviewed 
–  human, mouse, rat, fruit fly, zebrafish, arabidopsis 
     microbial genomes (proteins), and more 

•  Model transcripts and proteins 
•  Assembled Genomic Regions (contigs) 

–  human genome 
–  mouse genome 
–  rat genome 

•  Chromosome records 
–  Human genome 
–  microbial 
–  organelle 

ftp://ftp.ncbi.nih.gov/refseq/release/ 

srcdb_refseq[Properties] 

–  chicken 
–  honeybee 
–  sea urchin 
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Selected RefSeq Accession Numbers 

mRNAs and Proteins 
NM_123456   Curated mRNA 
NP_123456   Curated Protein 
NR_123456   Curated non-coding RNA 
XM_123456   Predicted mRNA 
XP_123456   Predicted Protein  
XR_123456   Predicted non-coding RNA 
Gene Records 
NG_123456   Reference Genomic Sequence 
Chromosome 
NC_123455   Microbial replicons, organelle   

   genomes, human chromosomes 
AC_123455   Alternate assemblies 
Assemblies 
NT_123456   Contig  
NW_123456   WGS Supercontig 
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GenBank to RefSeq 
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RefSeqs: Annotation Reagents 

Scanning....

= ? 

GenBank 
Sequences 

RefSeq 
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RefSeq Benefits 

•  Non-redundancy     
•  Explicitly linked nucleotide and protein sequences 
•  Updates to reflect current sequence data and biology 
•  Data validation  
•  Format consistency 
•  Distinct accession series  
•  Stewardship by NCBI staff and collaborators 
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Mouse  
Assembly  

RefSeq  
Contig BAC 

Other 
GenBank 

RefSeq  
Transcript 

UniGene  
Transcript 
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Other Derivative Databases 

Expressed Sequences 
dbSNP 

Structure 
Gene 
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Expressed Sequences 

UniGene  
GEO 
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NCBI Expressed Sequences 

 67,920,384  mRNA sequences 
65,906,124 GenBank 
(63,832,762 EST Division) 
2,012,137 Reference Sequences 
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A gene-oriented view of sequence entries 

• MegaBlast based automated sequence clustering 

• Now informed by genome hits  

• Nonredundant set of gene oriented clusters 

• Each cluster a unique gene 

• Information on tissue types and map locations 

• Includes known genes and uncharacterized ESTs 

• Useful for gene discovery and selection of 

mapping reagents 

What is UniGene? N
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EST hits: Human mRNA 

Thrombin mRNA 

5’ EST hits 

3’ EST hits 
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Chordates 

Plants 

Invertebrates 

Fungi et al. 

UniGene 
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Gene Catalog: Fathead Minnow MLH1Cluster 

Uncharacterized ESTs 

N
C

B
I Field

 G
u

id
e  

Associating Sequences: Human Thrombin N
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Expression Data 
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•  Derived from experimentally determined PDB records 
•  Value added to  PDB records including: 

–  Addition of explicit chemical graph information 
–  Validation (secondary structure elements) 
–  Inclusion of Taxonomy, Citation   
–  Conversion to ASN.1 data description language 

•  Structure neighbors determined by 
  Vector Alignment Search Tool (VAST) 
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Cn3D 4.1:  Bacillus thuringiensis 
Toxin 
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VAST: Related Structures 
Vector Alignment Search Tool 

For each protein chain, 

locate SSEs (secondary 
structure elements), 

and represent them as 
individual vectors. 1 

2 

3 

4 

5 6 

Human IL-4 

IL-4 & 
Leptin align the vectors 
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Protein Domains 

•  Structural Domain 
–  Discrete independently folding unit of a protein 

•  Conserved Domain (sequence-based) 
–  Protein region with recognizable position-specific 

pattern of sequence conservation 
•  Sequence-based domains often roughly 

correspond to structural domains 
•  Domains often have distinct, identifiable  

functions 
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NCBI’s Conserved Domain Database 

•  PSI-BLAST –based score matrices 
•  Searchable with RPS-BLAST 
•  Sources  

–  SMART 
–  PFAM 
–  COGs 
–  NCBI curated domains 

•  structure informed alignments 
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Src Domains 

Four 3d domains 
Three conserved domains 
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Structure vs Conserved Domain 

SH2 

SH3 

TyrKC 

SH2 

Conserved phosphotyrosine binding residues 
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NCBI’s SNP Database 

•  Primary Database and Derivative (RefSNP) 
•  Single Nucleotide Polymorphisms 
•  Repeat polymorphisms 
•  Insertion-Deletion Polymorphisms 
•  29 Species 
•  Over 46 million submissions (submitted SNPs) 
•  Over 26 million reference SNPs 
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The Gene Database 

•  Gene Centered Information 
•  Unifies NCBI-annotated and Submitted Genomes 
•  4.6 million records for 5,588 taxa 
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NCBI Molecular Biology 
Resources 

November 2009 

Using Entrez 
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Global Query: All NCBI Databases 

The Entrez system: 38 (and counting) integrated databases 
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Entrez: A Discovery System 

Gene 

Taxonomy 

PubMed 
abstracts 

Nucleotide 
sequences 

Protein 
sequences 

3-D 
Structure 

3 -D 
Structure 

Word weight 

VAST 

BLAST BLAST 

Phylogeny 

Hard Link 
Neighbors 
Related Sequences 

Neighbors 
Related Sequences 
BLink 
Domains 

Neighbors 
Related Structures 

Pre-computed and pre-compiled data.  
• A potential “gold mine” of undiscovered 
relationships. 
• Used less than expected. 



12 

N
C

B
I Field

 G
u

id
e  

Traditional Method: The links menu 

DNA Sequence 

Nucleotide – Protein Link 

Related Proteins 

Protein – Structure Link 

3-D Structure 
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The Problem 

•  Rapidly growing databases with complex and 
changing relationships 

•  Rapidly changing interfaces to match the above 
Result 
•   Many people don’t know:  

–  Where to begin 
–  Where to click on a Web page 
–  Why it might be useful to click there 
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Goals of the Discovery Initiative 

•  Easier to use interfaces 
•  Promote higher quality resources 

–  Gene 
–  RefSeqs 

•  Expose the power and utiltiy of pre-computed 
similarities and pre-compiled links 

N
C

B
I Field

 G
u

id
e  

Discovery Components in Entrez 

•  Database Ads – direct to related information in 
other database 

•  Sensors – point to other databases or special 
search tools where the query is more relevant 

•  Analysis tools – access to live analysis results 



13 

N
C

B
I Field

 G
u

id
e  

Database Searching with Entrez 

 Using limits and field restriction to find human MutL homolog 
 Linking and neighboring with MutL 
 Mapping SNPs onto structure 
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Global NCBI (Entrez) Search 

colon cancer 
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Global Entrez Search Results N
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Nucleotide Sequences 

Nucleotide database in three parts 

• EST: expressed sequence tags 
• GSS: genome survey sequences 
• Nucleotide: everything else 
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Core Nucleotide Results with Gene Preview 

Gene Preview 
More relevant results 

Taxonomy Filters 
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Advanced Search Options 
Tabs 

Taxonomy filter 
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More Precise Nucleotides Search 

colon cancer[Title] AND nonpolyposis[Title] AND human[Organism] 
AND biomol_mrna[Properties] AND srcdb_refseq[Properties] 

Four MLH1 splice variants 
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Fielded Searching 

term1[Field] AND/OR/NOT term2[Field] … 

Field Databases 

[MeSH Terms] – Medical Subject Headings PubMed 

[Organism] – NCBI’s Taxonomy Molecular Databases 

[Properties] – molecule type, database source, 
cellular compartment 

Sequence databases 

[Filter] – records with links to other databases and 
more 

All databases 

[Title] – definition line of sequences, titles of other 
records 

All databases 

Queries are automatically mapped to the MeSH and organism vocabularies 
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Examples 

Human  RefSeq mRNA sequences with creatine kinase in the title 

human[organism] AND creatine kinase [Title] AND 
srcdb_refseq[Properties] AND biomol_mrna[Properties] AND 

creatine kinase[Title] 

PubMed records about Alzheimer disease genetics published in the past year 
with free full-text in PubMed Central 

Alzheimer disease[MeSH Terms] AND genetics[subheading] AND 
pubmed_pmc[Filter] AND published last year[Filter]  
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PubMed: Medical Subject Headings 
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MeSH is an Ontology N
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Organism Field: NCBI’s Taxonomy 

All molecular  
databases 
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Entrez Tip: Start Searches in Gene 

HomoloGene 

Entrez  
Protein 

Gene 

UniGene 

Other Entrez DBs 

BLink 

Homologene: 
Gene Neighbors 
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Gene Results  

nonpolyposis colon cancer AND human[Organism] 
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Precise Results 

MLH1[Gene Name] AND Human[Organism] 
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MLH1 Gene Record 
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MLH1 Gene Record: Interactions and GO N
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MLH1 Gene Record: Reference Sequences 
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MLH1:Links to Sequence N
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Gene Table: Genomic Sequences 
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Genome Reference Consortium 

• Collaboration to resolve issues with genome assembly 
• Provides alternate loci for structural variation including 
CNVs 
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Map Viewer: All Sequences 
Customizable 

NCBI Assembly 

EST Hits 

Gene Annotations 

Models 

Transcripts 

Download data and sequences 
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MLH1 Homologs 
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Synteny:  Mammalian Genomes 

apolipoprotein cluster 
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Finding Homologs: HomoloGene 

Gene 

Discovery 
column 

Homologene Ad 

Protein record 

HomoloGene  
Cluster 

Gene Links 
Protein Links 

HomoloGene  
Downloader Protien 

mRNA 
Genomic 
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Finding Protein Homologs 
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BLink: BLAST Link 

Gene 
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Blink on Protein Record 

Protein Links 

BLink: BLAST Link (Best Hits) 

BLAST 

Tomato 
homolog 
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Finding Polymorphisms 

Gene Links Protein Links 
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GeneView: Variations Human MLH1 

ATPase domain 
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MLH1 Structure Model and 
Mapping Polymorphisms 
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Related Structures: Structure Model N
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Sequence Similar Structures 

Conserved 
Domain 

Link to Structure 

Link to Alignment 
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E. coli MutL Structure 

Cn3D viewer 

Conserved Domain 
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Alignment Based Model: Mapping Polymorphisms 

Ile - Val 
Mg2+ binding site 
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Better Model: Conserved Domain 

Protein 

Related Structures 

Gene 
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Better Model: Conserved Domain 

Mg2+ binding site Ile – Val 
Position 32 


